Fusulinids from the Leonard Formation (Permian), Western Glass Mountains, Texas by Ross, Charles A.
Western Washington University
Western CEDAR
Geology Faculty Publications Geology
1-1962
Fusulinids from the Leonard Formation (Permian),
Western Glass Mountains, Texas
Charles A. Ross
Western Washington University, charles.ross@wwu.edu
Follow this and additional works at: https://cedar.wwu.edu/geology_facpubs
Part of the Geology Commons, and the Paleontology Commons
This Article is brought to you for free and open access by the Geology at Western CEDAR. It has been accepted for inclusion in Geology Faculty
Publications by an authorized administrator of Western CEDAR. For more information, please contact westerncedar@wwu.edu.
Recommended Citation
Ross, Charles A., "Fusulinids from the Leonard Formation (Permian), Western Glass Mountains, Texas" (1962). Geology Faculty
Publications. 58.
https://cedar.wwu.edu/geology_facpubs/58
CONTRIBUTIONS PROM THE CUSHMAN FOUNDATION FOR FORAMINIPERAL RESEARCH 1
CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION 
FOR FORAMINIFERAL RESEARCH 
Volume XIII, Part 1, January, 1962
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WESTERN GLASS MOUNTAINS, TEXAS
Charles A. Ross
Illinois State Geological Survey, Urbana, Illinois
ABSTRACT
From the Leonard Formation in the western part of the 
Glass Mountains, eleven species of fusulinids are recos- 
nized. The lowest member of the formation, member A, 
has Schwagerina dugoutensis n. sp.. S. hawkinsi Bunbar 
and Skinner, S. hessensis Dunbar and Skinner, S. crassi- 
tectoria Dunbar and Skinner, S. guembeli Dunbar and 
Skinner, Monodiexodina linearis (Dunbar and Skinner), 
Parafusulina leonardensis n. sp., and P. allisonensis Boss. 
The middle member, member B, contains Schwagerina 
hessensis, S. hawkinsi?, Parafusulina spissisepta Ross, 
P. leonardensis, and Schubertella muellerriedi Thompson 
and Miller. Member C at the top of the formation has 
the distinctive species Parafusulina durhami Thompson 
and Miller.
In the shelf deposits that form the Leonard Formation 
in the western part of the Glass Mountains, the base of 
member B is believed to correlate with the Hess fossil 
bed in the upper part of the Hess Member of the basin 
deposits of the eastern part of the Glass Mountains. 
Member C is correlative with the beds overlying the Hess 
Member. Several fusulinid species from near the base of 
the Leonardian Series show close similarity with species 
from the Sterlitamak beds of the Russian Sakmarian 
Series and fusulinid species from higher beds in the 
Leonardian bear close resemblance to those from the 
Russian Artinskian Series.
INTRODUCTION
The Leonardian Series takes its name from the 
Leonard Formation of the Glass Mountains, Texas, 
where it overlies the Wolfcampian Series. These two 
series form the lower part of the standard North 
American Permian succession. Exposed for more than 
40 miles along the southern escarpment of the Glass 
Mountains, the Leonard Formation is a complex se­
quence of intertonguing lithologies that total nearly 
2000 feet in thickness.
The present study is principally concerned with the 
fusulinids and their zonation in the Leonard Forma­
tion at its type section at Leonard Mountain and to 
the southwest in the western part of the Glass Moun­
tains. The fusulinids and their stratigraphic distribu­
tion in the Hess Member of the Leonard Formation in 
the eastern part of the Glass Mountains were discussed 
by Ross (1960a).
The history of previous stratigraphic nomenclature 
applied to the Leonardian Series was summarized by 
Ross (1960a, p. 117-120), and only discussion perti­
nent to the Leonard Formation in the western part of 
the Glass Mountains will be added here. The Leonard 
Formation was named by Udden, Baker, and Bose 
(1916, p. 51) for about 1800 feet of beds on and to 
the north of Leonard Mountain. The relations be­
tween the thin-bedded Hess Member in the eastern 
part of the Glass Mountains and the coarse conglomer­
atic limestone, siliceous shale, and siliceous siltstone in 
the western part have been variously classified as 
additional data became available. Udden (1917, p. 
43-47), King and King (1928, p. 126, 127), and P. B. 
King (1931, p. 57, and 1932, p. 338-341) considered 
the Hess and Leonard as separate formations, but later 
P. B. King (1934, p. 730, 1937, p. 98, and 1942, p. 
650), Ross (1960a, p. 117-121) and others have con­
sidered the Hess as a member of the Leonard Forma­
tion. In general relations, the fine-grained, thin-bedded 
limestone in the eastern part of the Glass Mountains 
escarpment (the Hess Member) changes to conglom­
eratic biohermal limestone and intertonguing shale and 
siltstone in the western part of the Glass Mountains.
Three total sections and seven partial sections of 
the Leonard Formation were measured and sampled 
in the western part of the Glass Mountains and three 
sections and one partial section were measured between 
the top of the Hess Member and the base of the Word 
Formation in the eastern part of the Glass Mountains 
(text figures 1 and 2).
The Leonard Formation in the western part of the 
Glass Mountains can be divided conveniently into 
three members that are most clearly delimited in the 
southwest and may be traced from Dugout Mountain 
through the Lenox Hills to Leonard Mountain and 
possibly farther east.
The lowest member, member A, includes the basal 
conglomeratic limestone, conglomeratic sandstone, and 
dark gray shale and interbedded fine-grained lime­
stone extending up to the base of the first limestone 
member (as designated by P. B. King, 1931, p. 64) 
of the Leonard Formation. Member A reaches a thick­
ness of 340 feet in the Lenox Hills but apparently 
thins northeast of section 6 to about 120 feet and 
thickens again at Leonard Mountain and farther east.
The middle member, member B, includes the first 
through fifth limestone members (as designated by 
P. B. King, 1931, p. 64) of the Leonard Formation 
and the overlying dark gray shale, sandstone, and 
thin bituminous limestone extending up to the Ijase of 
the conglomeratic sandstone. Member B reaches a 
thickness of 620 feet in the Lenox Hills.
Members A and B are lithologically similar in being 
composed of many diverse beds that pinch out in 
short distances. Individual beds can seldom be traced 
more than a few hundred yards although overlapping
Reprinted from Contributions from the Cushman Foundation for Foraminiferal Research 
Volume XIII, Part 1, January, 1962
Printed by Dorr’s Print Shop, Bridgewater, Massachusetts, U. S. A.
2 ROSS—FUSUL.INIDS FROM THE PERMIAN OF TEXAS
TEXT FIGURE 1. Index map to location of measured sections and place names referred to in text: 
Section 2, north of the Brooks Ranch house; Section 3, about 3 miles southwest of the Brooks Ranch 
house extending to Split Tank on the Old Word Ranch, (remeasurement of P. B. King’s Section 26. 
1931); Section 4, 3 miles east of Hess Ranch house; Section 5, north slope of Leonard Mountain; 
Section 6, in Lenox Hills, one-half mile south of Sullivan Ranch road; Section 6A, near center of 
Lenox Hills; Section 6B and 6C toward southern end of Lenox Hills; Section 7 and 7A, in face of 
and to top of Dugout Mountain and then west to base of Word Formation; and Section 7B, south­
east point on spur south of Dugout Mountain.
and intertonguing beds of similar lithology may persist 
for several miles.
The highest member, member C, is marked by a 
persistent conglomeratic bed that grades vertically into 
quartz sandstone (section 7 and 6, text figure 2) and 
changes laterally (section 5, text figure 2) into sandy 
siltstone. In the hills west of the Lenox Hills, mem­
ber C is nearly 300 feet thick. Lithologically these 
sandy siltstones and sandstones are more similar to 
the sandstones of the overlying Word Formation than 
to the darker shales and siltstones in the two members 
below. East of Leonard Mountain, these beds inter­
tongue with bioherms near Split Tank, east of the 
Word Ranch house. Throughout the Glass Mountains, 
member C is conformably overlain by fine-grained bi­
tuminous limestones marking the base of the Word 
Formation.
FUSULINID DISTRIBUTION
In comparison to the Hess Member, the remainder 
of the Leonard Formation, except for member C, has 
a more varied and more specialized fauna dominated 
by Brachiopoda, Gastropoda, Cephalopoda, and Fusu- 
linidae. The Brachiopoda were studied by R. E. King 
(1931), and more recently Muir-Wood and Cooper 
(1960) and Cooper (1960) have discussed additional 
Glass Mountains material. The Gastropoda have been 
the subject of several studies by Batten (1958) and 
Yochelson (1956, 1960). The Cephalopoda were the 
first part of the fauna to receive close scrutiny, first
by Bose (1919) and later in papers by Plummer and 
Scott (1937), Miller and Furnish (1940), Miller 
(1945), and Miller and Youngquist (1949).
The Fusulinidae of the Leonard Formation are 
known largely through the studies of Dunbar and 
Skinner (1937). Of the species of fusulinids present 
in the Leonard Formation in the western part of the 
Glass Mountains, Dunbar and Skinner (1937) de­
scribed Schwagerina hawkinsi Dunbar and Skinner, S. 
hessensis Dunbar and Skinner, and Parafusulina taken 
Dunbar and Skinner. They (Dunbar and Skinner, 
1937) listed identifications from 8 collections in this 
area but the stratigraphic ranges of these species have 
remained unstudied. Several species described from 
the Hess Member in the eastern part of the Glass 
Mountains also are present in the Leonard Formation 
in its western exposures including Schwagerina guem- 
beli Dunbar and Skinner, S. crassitectoria Dunbar and 
Skinner, Parafusulina allisonensis Ross, and P. spissi- 
sepla Ross. Monodiexodina linearis (Dunbar and 
Skinner) is found in the lower part of the Leonard 
Formation and ranges upward from the underlying 
Lenox Hills Formation of the Wolfcampian Series. In 
addition to these species, Schwagerina dugoutensis 
Ross n. sp. and Parafusulina leonardensis Ross n. sp. 
are herein described, P. durhami Thompson and Miller 
is recognized in the upper part of the formation, and 
Schubertella muellerriedi Thompson and Miller is re­
corded from near the base of member B.
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Just as the lithologic relations in the Leonard For­
mation in the western part of the Glass Mountains are 
more complex than in the Hess Member, the vertical 
and lateral distribution of species of fusulinids are 
more complex, and a species commonly reappears in 
the succession in lenses of similar lithology (Ross, 
1960b, 1961).
Schwagerina hmvkinsi is most abundant in con­
glomeratic biohermal limestone in the lowest 100 feet 
of the formation. These biohermal lenses may contain 
blocks of limestone that reach 2 feet in diameter and 
have an assemblage of specialized attached brachio- 
pods and large crinoid fragments. These features sug­
gest high wave energy conditions of near-shore deposi­
tion. S. hawkinsi occurs only in member A except for 
one collection (6-4C) from a conglomeratic limestone 
400 feet above the base of the Leonard formation (100 
feet above the base of member B). As the specimens 
are abraded, they may have been derived by erosion 
of older beds.
S. hessensis is most common in well sorted, coarse 
calcarenite and pebble sandstone in member A and in 
the lower 60 feet of member B. These beds, usually 
the lateral tongues of the conglomeratic biohermal 
lenses, appear to have been deposited in a medium to 
high wave energy environment.
ParajusvBna leonardensis, the most long ranging of 
the Leonardian fusulinids, occurs in poorly sorted cal­
carenite that commonly is rich in black carbonaceous 
material. This species is most common in member A 
but ranges 300 feet into member B and, except for P. 
durhamii, has the highest range of species of fusulinids 
from the western exposures of the Leonard Formation.
Parafusulina allisonensis occurs in calcilutite beds 
lacking appreciable amounts of clay, above the coarse 
biohermal lenses at Dugout Mountain, both in mem­
ber A and the lower part of member B, but the species 
is poorly represented elsewhere in the western part of 
the Glass Mountains.
Parafuiulina spissisepta occurs in poorly sorted, fine 
calcarenite in the lower 100 feet of member B and is 
commonly associated with calcareous algae and shell 
fragments in beds probably representing inter-reef 
deposition. It has not been found in member A or 
member C.
Parafusulina durhami, known only from three local­
ities high in the Leonard Formation in the Glass 
Mountains, occurs in poorly sorted biohermal lime­
stone that may have appreciable amounts of clay and 
silt. This species is associated with abundant crinoid 
fragments, echinoid fragments, brachiopods, and bryo- 
zoans that represent accumulation of small patch reef 
debris.
Schwagerina guembeli and S. crassitectoria, although 
abundant in the lower part of the Hess Member, are 
represented in only a few samples from member A in 
the western part of the Glass Mountains. Where they 
are present they are usually abundant, but silty cal­
cilutite in which S. crassitectoria occurs and slightly 
clayey calcilutite in which S. guembeli occurs are rare 
in the lower part of the Leonard Formation west of 
Leonard Mountain.
Of interest is the occurrence in member A and in 
the lower part of member B of Monodiexodina linearis 
in well sorted calcarenite lacking appreciable amounts 
of clay or silt, whereas in the underlying Lenox Hills 
Formation of the Wolfcampian Series, this species is 
most abundant in clayey or silty calcarenite having 
appreciable amounts of sand.
Parajusulina bakeri was not recognized in any of 
the Leonardian samples studied, and its range and dis­
tribution remain a question.
CORRELATION
The type section of the Leonard Formation lies near 
the crest of a northwest-trending anticlinal flexure 
that includes the Hovey and several adjacent, sub­
parallel anticlines which delimit the southwestern edge 
of the Delaware Basin (King, 1942, PI. 1). This struc­
tural ridge, initially mobile in late Wolfcampian time, 
apparently strongly influenced sedimentation during 
Leonardian time. Primarily fine-grained limestone 
(Hess Member) accumulated to the northeast of this 
flexure toward the Delaware Basin, and dominantly 
conglomeratic limestone, siltstone, and sandstone 
(members A and B) accumulated to the southwest 
on the shelf. Because of this great contrast between 
lithologies in the northeastern and southwestern parts 
of the Glass Mountains, correlation of the Leonardian 
deposits between these two areas has been a major 
problem. Many of the difficulties result because of 
considerable lithologic change in a critical area be­
tween Leonard Mountain and the high escarpment 
east of the Hess Ranch house where lateral tracing of 
beds is not possible because the Leonard Formation is 
largely covered by alluvium and in part is missing as 
a result of faulting associated with the Hess Ranch 
horst structure.
The relation between the Hovey and adjacent anti­
clines and sediments accumulated during Leonardian 
time is shown in text-figure 3. Southwest of this flex­
ure belt (Sections 6, 6A, 6B, and 7A), member A re­
mains nearly constant in thickness. Northeast of Sec­
tion 6D near the crest of the Hovey anticline (the 
Gilliland Canyon anticline of P. B. King, 1931), the 
two members A and B are difficult to separate because 
the shale and thin limestone beds commonly are miss­
ing between the base of member B and the conglom­
eratic limestone in the lower part of member A. Fau- 
nally, the zones of Schwagerina crassitectoria and S. 
guembeli and Parafusulina allisonensis are represented 
on both sides of the anticlinal belt in member A and 
in the lower part of the Hess Member, but the zone 
of P. deltoides is known only from the eastern side in 
the Hess Member. The absence of P. deltoides sug­
gests that the part erf the Glass Mountains west of the
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TEXT FIGURE 3. Generalized relations of the Leonard Formation in the western and eastern 
parts of the Glass Mountains. Dashed line indicates the suggested correlation between the base of 
member B and the Hess fossil bed. The third fusulinid zone of the Hess Member (zone of Para- 
fusuUna deltoides) is not represented in the western sections. Arrows indicate possible positions of 
two separate uplifts that caused a gradual shift of the edge of the basin to the northeast. The rela­
tions of the Neal Ranch and Lenox Hills formations (Wolfcampian Series) are those discussed 
by Ross (1959).
Hovey anticline was uplifted and perhaps eroded prior 
to deposition of member B. This break in deposition 
may be represented by the persistent conglomeratic 
beds at the base of the Hess fossil bed in the eastern 
part of the Glass Mountains and the conglomeratic 
limestone at the base of member B in the western part 
of the Glass Mountains. The appearance of P. sptssi- 
septa in both the Hess fossil bed and the basal part 
of member B supports this correlation.
If the Hess fossil bed and the base of member B 
are correlative, as suggested in text-figure 3, then, 
prior to deposition of member C, a flexure nearer the 
edge of the basin (that is, one lying northeast of the 
Hovey anticline) apparently raised part of the eastern 
Glass Mountains (Sections 4 and 3) 350 to 400 feet. 
The base of member C in Section 2 lacks conglomeratic 
beds, and here the thickness from the base of the Hess 
fossil bed to the base of member C is comparable to 
the thickness of member B west of Leonard Mountain.
Member C and the upper part of member B have 
only scattered fusulinids. The persistent conglomerate 
at the base of member C is in about the same strati­
graphic position as the conglomeratic beds near Split 
Tank (Section 3) which King (1942, p. 653) believed 
directly overlay the Hess Member. The occurrences 
of Parafusulina durhami in member C, at the Clay 
Slide, in the type section at Leonard Mountain, and 
in the biohermal beds at Split Tank, at approximately 
the same position below the base of the Word For­
mation, supports this correlation.
In western North America, few fusulinids have been 
described from strata of Leonardian age. From the 
Bone Spring Formation in the Sierra Diablo, west
Texas, Dunbar and Skinner (1937) described several 
species, Parajustdina schiicherti Dunbar and Skinner, 
P. diabloensis Dunbar and Skinner, and Schwagerina 
setum Dunbar and Skinner. Of these, P. schucherti 
shows a general resemblance to S. dugouUnsis Ross n. 
sp. but differs in having cuniculi, and is apparently 
more advanced in its evolution. The other two species 
are not closely similar to species from the Glass 
Mountains.
Knight (1956, p. 774-775) described from east- 
central Nevada a few species of Schwagerina, includ­
ing S. guembeli Dunbar and Skinner, S. guembeli 
pseudoregularis Dunbar and Skinner, and several spe­
cies of Parafusulina having Asian affinities that all 
ranged through nearly 800 feet of beds. Except for 
these two species of Schwagerina, this fauna shows 
little similarity with the fusulinids from the Leonard 
Formation in the western part of the Glass Mountains 
although they have reached the same general stage 
of evolution.
Dunbar (1939b) described several species of Para- 
fusulina from Sonora, Mexico, that he believed were 
of Leonardian age. Of these, only one species shows 
similarity with fusulinids in the Leonard Formation 
in the western part of the Glass Mountains. P. skin- 
neri Dunbar from near El Tigre, Sonora, is similar to 
P. leonardensis Ross n. sp. from members A and B of 
the Leonard Formation.
From Chiapas, Mexico, (Thompson and Miller, 
1944) and adjacent Guatemala (Dunbar, 1939a, and 
Kling, 1960), Parafusulina. guatemalaensis Dunbar is 
similar to P. leonardensis Ross n. sp. from the lower 
part of the Leonard Formation in the western part of
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the Glass Mountains and P. erratoseptata Kling is 
similar to P. vidriensis Ross from the upper part of 
the Hess Member in the eastern part of the Glass 
Mountains. Schubertella mttellerriedi Thompson and 
Miller in the Paseo Hondo Formation of Chiapas, the 
Chochal Limestone of Guatemala, and the lower part 
of member B in the Glass Mountains supports the 
correlation of these beds as suggested by Thompson 
and Miller (1944), Kling (1960), and Ross (1960a). 
From collections from Colombia, Thompson and Miller 
(1949, p. 5) reported Parafusulina durhami Thompson 
and Miller and the appearance of this species in the 
upper part of the Leonard Formation in the Glass 
Mountains suggests that late Leonardian strata are 
present in the northern part of South America.
Fusulinids from the upper part of the Belcher Chan­
nel Formation on Grinnell Peninsula, Baffin Island, 
northern Canada (Thorsteinsson, 1960) are similar in 
evolutionary development with species from the Leon­
ard Formation. Schzvagerina jenkinsi Thorsteinsson is 
an advanced species of Schivag&rinn, and specimens 
identified as S. hyperborea (Salter) (Thorsteinsson, 
1960, p. 26) have low cuniculi and are closely similar 
to'ParafitjuUna durhami Thompson and Miller from 
the Leonard Formation.
Perhaps lithologically the sequence most similar to 
the Leonard Formation of the western part of the Glass 
Mountains is that of the Sterlitamak beds of the upper 
part of the Sakmarian Series and the lower beds of the 
Artinskian Series of the southern Ural Mountains 
where shale, coarse sandstone, and conglomerate inter­
tongue in a complex sequence. Schtvagerina globosa 
(Schellwien) and S. vulgaris (Schellwien) from the 
Sterlitamak beds have many similarities to S. haiukinsi 
Dunbar and Skinner and S. hessensis Dunbar and 
Skinner, respectively, from the lower part of the Leon­
ard Formation. Parajusulina lutugini (Schellwien) 
from the lower part of the Artinskian Series is similar 
to P. leonardensis Ross n. sp. from the Leonard For­
mation. From beds higher in the Artinskian, P. 
ischussovensis Rauser-Chernoussova shows similarities 
to P. durhami from near the top of the Leonard. 
These similarities suggest that part of the Leonardian 
Series may be correlative with the upper part of the 
Sakmarian Series although most of it is equivalent to 
the Artinskian Series.
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SYSTEMATIC PALEONTOLOGY 
Genus Monodiexodina Sosnina, 1956 
Monodiexodina linearis (Dunbar and Skinner)
Plate 2, figures 11-13
Schwagerina linearis Dunbar and Skinner, 1937, 
Texas Univ. Bull. 3701, p. 637, pi. 63, figs. 1-7. 
Description.—Elongate subcylindrical tests that com­
monly reach 9 mm. in length and 1.8 mm. in diameter 
in 7 volutions.
The proloculi are of medium outside diameter, 0.15 
to 0.20 mm., in specimens examined from the Leonard 
Formation. The volutions are low, and successive 
ones lengthen markedly along the axis to establish the 
general shape of the test by the third volution.
The thin keriotheca of the wall thickens from 0.02 
mm. in the proloculus to 0.07 mm. in the seventh volu­
tion. The septa are nearly planar in their upper half 
but the lower half is folded into numerous long tubular 
projections that extend in front of a septum to con­
nect with the adjacent septa where the succeeding 
tubular projections arise.
The tunnel is narrow in the first three or four volu­
tions; the tunnel angle ranges between 20 and 25 
degrees but in later volutions it expands to 50 degrees 
or more. Resorption of the tips of the septal folds in 
the fifth and later volutions forms low cuniculi which 
are well displayed in oblique tangential sections. Sec­
ondary deposits are common and tend to fill the axis 
in the early portion of the test (PI. 2, figs. 11, 13). 
Septal folds are commonly thickened, particularly near 
the poles, by secondary deposits in later volut ons.
Remarks.—Specimens of Monodiexodina linearis 
from the Leonard Formation agree closely with the 
syntypes from the Lenox Hills Formation, Wolfcamp- 
ian Series, that underlies the Leonard Formation in 
the western Glass Mountains and fall within the range 
of variation of the species as represented there.
M. linearis is similar to a number of species that 
have been variously placed in Parajusulina, Schwag­
erina, and more recently in Monodiexodina. Schwag­
erina paralinearis Thorsteinsson from Grinnell Penin­
sula has less secondary deposits and apparently lacks 
cuniculi in comparison to Monodiexodina linearis. 
Parafusulina alaskensis Dunbar from Kuiu Island has 
higher volutions and little secondary deposition, and 
Schwagerina prolongata (Berry) from Bolivia has 
less axial deposits and may have cuniculi (see Dunbar 
and Newell, 1946, pi. 1, fig. 4). Parajusulina shiptoni 
Dunbar from the Karakoram and P. wanneri (Schu-
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MEASUREMENTS OF 
MONODIEXODINA LINEARIS 
YPM SPECIMENS
Volution 21844 21845 21846
0 .06 .07 .08
1 .12 .12 .15
Radius 2 .20 .18 .25
vector 3 .30 .28 .35
(mm.) 4 .40 .38 .45
5 .55 .50 .60
6 .75 .68 .80
7 1.05?
1 .35 .20 .35
Half 2 .65 .45 .65
length 3 1.15 .60 1.05
(mm.) 4 1.60 .90 1.80
5 2.55 1.20 2.70
6 3.80 1.80 3.70
7 5.00?
1 2.9 1.7 2.3
2 3.2 2.5 2.6
Form 3 3.8 2.1 3.0
ratio 4 4.0 2.4 4.0
5 4.6 2.4 4.5
6 5.1 2.6 4.6
7
0 .03 .02 .03
1 .04 .02 .02
2 .04 .02 .02
Wall 3 .04 .02 .03
thickness 4 .04 .03 .03
(mm.) 5 .06 .03 .05
6 .06 .04 .05
7
1 25 20 30
2 25 20 30
Tunnel 3 25 20 30
angle 4 25 20 45
(°) 5 25 25 50
6
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bert) from Timor are slightly larger and have more 
extensively developed and higher septal folds and 
cuniculi, and M(modiexodina tuanneri var. suischanica 
(Doutkevitch) on which the genus Monodiexodina 
was erected has more axial deposits and a greater ex­
tension of chambers along the axis than M. linearis. 
The occurrence of M. linearis in the lower 200 feet of 
the Leonard Formation extends the zone of this species 
from the upper part of the Wolfcampian Series into 
the Leonardian Series.
Occurrence.—In the Leonard Formation, M. linearis 
occurs in medium-grained calcarenite 20 to 200 feet 
above the base of the formation. Localities: 7A-3, 
6D-1, 6D-12, loc. 8.?.
Type material.—Syntypes are from the Lenox Hills 
Formation, Wolfcampian Series, at the west end of 
Leonard Mountain and at the south flank of the Hess 
Ranch horst (Dunbar and Skinner, 1937).
Genus Schubertella Staff and Wedekind, 1910
Schubertella muellerriedi Thompson and Miller 
Plate 6, figures 8, 9
Schubertella muellerriedi Thompson and Miller, 1944, 
Jour. Paleontology, v. 18, p. 488, pi. 79, figs. 5-11. 
—-Kling, 1960, Jour. Paleontology, v. 34, p. 647, 
pi. 79, figs. 1-6.
Description.-—^Test is small, having an ellipsoidal 
outline, and reaches 1.8 mm. in length and 1.0 mm. in 
diameter in 7 volutions.
The proloculus is small, about 0.04 mm. outside di­
ameter, and the initial volutions have an “endothy- 
roid” mode of coiling and axes that are greatly inclined 
to the axes of later volutions. The third and later vo­
lutions are coiled around the same axis and have an 
ellipsoidal outline (PI. 6, figs. 8, 9).
The wall in the next to last volution is composed of 
three layers; a dark line and a translucent layer im­
mediately below, probably the tectum, about 0.005 
mm. thick; beneath this a dark layer, 0.02 mm. thick, 
that has numerous vertical and evenly spaced lines 
and probably is a diaphanotheca; above the dark line 
at the top of the tectum there is an outer tectorium, 
0.002 mm. thick, that merges with the tabular chomata 
and thicker deposits on the lateral slopes. The septa 
are nearly planar and have evenly spaced septal pores 
0.01 mm. in diameter and about 0.05 mm. apart.
The tunnel in the fusiform part of the test is 
straight and gradually increases in width, the tunnel 
angle increasing from 25 degrees to 60 degrees in the 
third to sixth volution. Strong tabular chomata line 
the tunnel and merge with the outer tectorium. Other 
secondary deposits are not known.
Remarks.—Specimens of Schubertella muellerriedi 
from the Glass Mountains agree closely in size, shape, 
type of chomata, and many other diagnostic features 
with the type specimens of S. muellerriedi from Chia­
pas, Mexico (Thompson and Miller, 1944), and with 
specimens described by Kling (1960) from Guatemala. 
The Glass Mountains specimens, however, show dif­
ferent wall structures from those reported in the speci­
mens from Central America, in S. kingi Dunbar and 
Skinner and S. melonica Dunbar and Skinner from the 
Glass Mountains, and in the type species, S. transitoria 
Staff and Wedekind, from Spitzbergen. This difference 
in the wall structure in specimens of S. muellerriedi 
from the Glass Mountains may be less significant than 
it at first appears because the wall in the smaller fusu- 
linids commonly recrystallizes during lithification of 
the limestones. Thompson and Miller' (1944, p. 488) 
reported that the wall in 5. muellerriedi is thin and 
composed of a tectum and a very thin lower layer that 
is observed only in the middle part of the test in the
ROSS—FUSULINIDS FROM THE PERMIAN OF TEXAS
MEASUREMENTS OF 
SCHUBERTELLA MUELLERRIEDI 
YPM SPECIMENS
Volution 21873 21875
0 ? .03
Radius 1 .05 .04
vector 2 .10 .08
(mm.) 3 .12 .12
4 .25 .20
5 .40 .32
6 .51 .42
1 .08 .04
Half 2 .15 .08
length 3 .30 .20
(mm.) 4 .50 .40
5 .70 .60
6 .90 .80
1 1.6 1.0
Form 2 1.5 1.0
ratio 3 2.5 1.7
4 2.0 2.0
5 1.8 1.9
6 1.8 1.9
0 .01
Wall 1 .02 .02
thickness 2 .02 .02
(mm.) 3 .03 .03
4 .03 .03
5 .03 .03
6 .04 .03
1 30 ?
Tunnel 2 25 20
angle 3 25 20
n 4 35 205 60 45
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fusiform volutions. Kling (1960, p. 647) stated that 
the wall in specimens that he examined was composed 
of a relatively thin tectum and a thicker, translucent 
diaphanotheca which was difficult to observe but 
which was traceable across the width of a chamber in 
the fusiform part of the test. Thompson (1948, p. 34) 
mentioned that one feature of the genus Schubertella 
was a two-layered wall composed of a tectum and a 
lower transparent layer. If the specimens of S. muel- 
lerriedi from the Leonard Formation, Glass Moun­
tains, having a more completely preserved wall struc­
ture are representative of the species, then the evolu­
tionary stage of this species appears to lie between 
the type species of Schubertella and species of the 
more complex genus Yangchienia. Yangchienia is 
larger in size than Schubertella and has extremely 
massive chomata and a wall composed of a tectum,
a lower transparent layer, a basal dense layer, and two 
layers (possibly two stages of deposition of the outer 
tectorium) above the tectum.
S. muellerriedi is larger and has a more ellipsoidal 
outline than S. kingi Dunbar and Skinner from the 
Hueco Mountains, Texas, and is more elongate than 
the closely similar species S. melonica Dunbar and 
Skinner from the upper part of the Leonard Forma­
tion in the eastern part of the Glass Mountains.
Occurrence.—S. muellerriedi is common in only three 
collections. Locality 12, from the basal limestone of 
member B in the northern part of the Lenox Hills, 
5-12B on Leonard Mountain, and 6-6 in the Lenox 
Hills.
Type Locality.—In the Paseo Hondo Formation, 
Chiapas, Mexico, 3 !4 miles east of Portales.
Genus Paraschwagerina Dunbar and Skinner, 1936 
Paraschwagerina sp. A 
Plate 2, figure 6
Discussion.—Yxorci the uppermost limestone beds of 
the Lenox Hills Formation at Leonard Mountain (col­
lection 1) and for 4 or 5 miles to the northeast, this 
distinctive species marks a persistent zone at the top 
of the Wolfcampian Series. Its most common occur­
rence is in poorly sorted calcarenite made of broken 
fusulinid tests, crinoidal debris, and fine sand-size 
calcareous matrix. It is associated with Schwagenna 
sp. A and S. dispensa Ross.
The first 2 or 3 volutions are elongate, coiling from 
a small proloculus to form a distinctive early growth 
stage. The succeeding volution has a marked infla­
tion which remains nearly constant in all of the mature 
volutions. Slight polar knobs are common in later 
volutions. The keriothecal wall becomes thick (0.13 
mm.) in later volutions and the broadly rounded sep­
tal folds overlap one another even in the midplane of 
the test. Secondary deposits are apparent in the axial 
region of the early volutions but are lacking elsewhere 
in the test.
This species is most closely comparable to Para- 
schwagerina roveloi Thompson and Miller (1944) from 
the La Vanilla Limestone of Chiapas, Mexico, from 
which it differs in having much less closely folded 
septa and in being distinctly more elongate. P. plena 
Ross (1959) now is known to occur only in the upper­
most limestone beds of the Lenox Hills Formation 
(rather than in the basal limestone of the Leonard 
Formation) in the Lenox Hills, and it differs from P. 
sp. A in having much greater inflation and a subglo- 
bose shape.
Nearly all the specimens of P. sp. A are broken or 
crushed and thus the species is not formally named. 
However, the best preserved specimen (PI. 2, fig. 6) 
shows clearly the diagnostic features of the species.
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MEASUREMENTS OF 
PARASCHWAGERINA SP. A 
YPM SPECIMEN 21843
Volution Radius vector 
(mm.)
Half length 
(mm.)
Form ratio
0 .03
1 .08 .25 3.1
2 .18 .55 3.1
3 .30 .95 3.2
4 .70 1.65 2.4
5 1.05 2.55 2.4
6 1.50 4.20 2.8
Volution Wall thickness 
(mm.)
Tunnel angle
n
0 .01
1 .01 30
2 .01 30
3 .03 25
4 .06 25
5 .09 25
6 .13
Genus Schwagerina Moller, 1877, 
emend. Dunbar and Skinner, 1936 
Schwagerina crassitectoria Dunbar and Skinner 
Plate 1, figures 15, 16
Schwagerina crassitectoria Dunbar and Skinner, 1937, 
Texas Univ. Bull. 3701, p. 641, pi. 65, figs. 1-15. 
•—^Thompson, 1954, Kansas Contr. Paleontology, 
Protozoa, Art. 5, pi. 35, figs. 10-13.—Ross, 1960a, 
Cushman Found. Forara. Research, Contr., v. 11, 
p. 123, pi. 17, figs. 1-9. (Not S. crassitectoria 
Knight, 1956, Jour. Paleontology, v. 30, p. 779, 
pi. 83, figs. 13, 14.)
Schwagerina guembeli var. pseudoregularis Dunbar 
and Skinner, 1937, Texas Univ. Bull. 3701, p. 
640, pi. 61, figs. 14-20, 22-24 (not fig. 21).
Description.—^Tests commonly reach 9 mm. in length 
and 3.5 mm. in diameter in 7 volutions. Specimens 
from the Leonard Formation in the western part of 
the Glass Mountains have the same shape, same thin 
walls in their early volutions, and same high and reg­
ular septal folds with secondary deposits as do speci­
mens from the Hess Member of the Leonard Forma­
tion in the eastern part of the Glass Mountains (Ross, 
1960a, p. 123).
Proloculi are commonly large, averaging 0.2 mm. out­
side diameter, and may be aspherical (PI. 1, fig. 16). 
The first half volution in these specimens is low but 
later volutions increase uniformly in height with a 
proportional increase in test length.
The wall is thin in early volutions and increases 
gradually to about 0.9 mm. in the sixth volution. The 
high, regularly fluted, widely spacfed septal folds slope 
forward to the floor of the chamber (PI. 1, fig. 16).
The tunnel widens irregularly in succeeding volu­
tions (see Measurements). Secondary deposits are 
heaviest in the axial region and in the septal folds 
adjacent to the tunnel. Pseudochomata commonly are 
well displayed (PI. 1, fig. 16) as thickenings at the 
base of the septa at the sides of the tunnel.
MEASUREMENTS OF 
SCHWAGERINA CRASSITECTORIA
YPM SPECIMENS
Volution 21832 21833
0 .10? .15
1 .18 .35
Radius 2 .23 .55
vector 3 .35 .75
(mm.) 4 .50 1.05
5 .75 1.3
6 1.00
7 1.25
1 .15 10
2 .30 15
Half 3 .50 26
length 4 1.05 24
(mm.) 5 1.60 25
6 2.45
7 3.30
1 1.5?
2 1.3
Form 3 1.4
ratio 4 2.1
5 2.1
6 2.4
7 2.6
0 ? .03
1 .03 .03
Wall 2 .03 .05
thickness 3 .04 .06
(mm.) 4 .04 .07
5 .06 .07
6 .07
7 .09
1 ?
Tunnel 2 35
angle 3 35
(°) 4 40
5 35
6 35
7
Remarks.—Schwagerina crassitectoria is less globose 
than S. guembeli Dunbar and Skinner and lacks the 
cuniculi distinctive of Parafwsulina australis Thomp­
son and Miller. Size, shape, distribution of secondary 
deposits, and thin wall of Schwagerina crassitectoria 
separate it from most other described species of
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Schtvagerina. S. guembeli var. pseudoregularis Dun­
bar and Skinner falls within the range of variation of 
S. crassitectoria and is considered a junior synonym 
(Ross, 1960a, p. 124).
Specimens of S. crassitectoria are rare in the Leonard 
Formation of the western part of the Glass Mountains 
hut do represent a part of the zone of S. crassitectoria 
extensively developed in the lower 210 feet of the 
Hess Member of the Leonard Formation in the eastern 
part of the Glass Mountains.
Occurrence.-—Specimens discussed here are from a 
single collection in calcilutite 245 feet above the base 
of the Leonard Formation in the Lenox Hills. Lo­
cality 6A-25X.
Type locality.—In Hess Member of the Leonard 
Formation, 1!4 miles west of Gap Tank about 100 
feet above the top of the shales of the Lenox Hills 
Formation, Wolfcampian Series.
Schwagerina dugoutensis Ross n. sp.
Plate 3, figures 5-10
Description.—^This thickly fusiform species attains a 
length of 12 to 13 mm. and a diameter of 4 to 4.5 
mm. in 7 to 8 volutions. The lateral slopes are often 
straight and approach the poles at a fairly consistent 
angle throughout the test while the central portion of 
the shell is parallel to the axis of coiling. In many 
specimens, the axial fillings are distinctive and com­
monly completely fill most of the early volutions away 
from the midplane (PI. 3, fig. 10).
The proloculus is small, averaging 0.12 mm. in out­
side diameter, and is nearly spherical. Early whorls 
have form ratios of 2.1 to 2.4, but later whorls show 
a gradual increase in this proportion. The chambers 
are nearly the same height from the center of the shell 
to the poles. The wall is thin (0.007 mm.) in the 
proloculus and early whorls, but it gradually increases 
to 0.09 or 0.10 mm. in thickness in the outer two volu­
tions. The tectum is well defined in chambers having 
secondary deposits but the coarse keriotheca is ap­
parently filled hy these secondary deposits and so is 
seen best in the mid-portions of the shell (PI. 3, 
fig. 10).
The septal folds reach to the top of the chambers, 
are closely spaced and have nearly straight sides and 
flat tops. Adjacent septa overlap only in the lateral 
portions of the shell. The septal folds are often com­
pletely obscured or greatly thickened by secondary 
deposits, except in the last volution.
The tunnel is narrow and well defined where it cuts 
the folded septa in thin section hut lacks chomata.
Remarks.—Schwagerina dugoutensis is closely simi­
lar to S. compacta (White) and is probably a younger 
species in the same lineage. It differs from S. com­
pacta in being larger, in having low- and thin-walled 
early volutions, and in having thick septal deposits 
throughout the test.
MEASUREMENTS OF 
SCHWAGERINA DUGOUTENSIS 
YPM SPECIMEN
Volution 20621 20622 20623 20620
0 .05 .07 .08 .07
Radius 1 .15 .12 .18 .12
vector 2 .25 .28 .27 .22
(mm.) 3 .42 .48 .45 .40
4 .70 .72 .70 .65
5 .97 98 .95 .88
6 1.30 1.32 1.30 1.29
7 1.70 1.70 1.70
8 2.20 2.10
1 .30 .30 .40 .30
Half 2 .60 .60 .75 .70
length 3 1.10 1.10 1.10 1.20
(mm.) 4 1.90 1.70 1.80 1.80
5 2.70 2.40 2.50 2.30
6 3.70 3.30 3.60 3.20
7 5.50 4.50
8 6.50
1 2.0 2.5 2.1 2.5
Form 2 2.4 2.1 2.6 3.2
ratio 3 2.6 2.3 2.5 3.0
4 2.7 2.3 2.6 2.8
5 2.8 2.4 2.6 2.6
6 2.9 2.5 2.8 2.5
7 3.2 2.6
8 3.0
1 15 20 20 15
Tunnel 2 20 15 15 16
angle 3 20 15 17 17
(°) 4 20 20 20 20
5 20 20 20 20
6 20 15 25
7 20 17
8
0 .007 .006 .008 .007
Wall 1 .009 .009 .007 .01
thickness 2 .01 .01 .008 .01
(mm.) 3 .02 .015 .009 .02
4 .04 .04 .02 .06
5 .07 .05 .03 .07
6 .08 .08 .07 .09
7 .09 .10
8
S. diversijormis Dunbar and Skinner is similar but 
is more loosely coiled in the early whorls, has a marked 
increase in chamber height away from the midplane of 
the shell, concave lateral slopes, and less axial fillings. 
S. compacta is also similar to S. thompsoni Needham 
but is larger and has heavier axial fillings.
Occurrence.—S. dugoutensis appears to mark a zone 
in the lower 40 feet of the Leonard Formation in the
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western Glass Mountains. It is particularly common 
in shaly lenses at the base of the basal conglomeratic 
limestone of the formation. Localities: 7A-3, 7B-21, 
6A-2, 6A-4, 6A-S, 5-12B, loc. 2, 5, 15.?
Type tnaUrial.—Holotype YPM 20621, Yale Pea­
body Museum, illustrated PI. 3, fig. 10; from a shaly 
bed at the base of the Leonard Formation at the 
southwest end of Dugout Mountain, locality 2.
Schwageiina guembeli Dunbar and Skinner 
Plate 1, figures 1-3
Schwagerina guembeli Dunbar and Skinner, 1937, 
Texas Univ. Bull. 3701, p. 639, pi. 61, figs. 1-13.— 
Ross, 1960a, Cushman Found. Foram. Research, 
Contr., V. 11, p. 124, pi. 17, figs. 10-13, pi. 18, 
figs. 1-6. (Not S. guembeli Knight, 1956, Jour. 
Paleontology, v. 30, p. 778, pi. 83, figs. 7-10.)
Description.—Tests commonly attain lengths of 10 
mm. and diameters of 4 mm. in 8 volutions. Speci­
mens from the Leonard Formation in the western part 
of the Glass Mountains have the same shape, mode of 
coiling and septal folding, and distribution of secon­
dary deposits as do specimens from the Hess Member 
of the Leonard Formation of the eastern Glass Moun­
tains (Ross, 1960a, p. 124).
Proloculi are large in specimens from the western 
part of the Glass Mountains, averaging about 0.25 
mm. outside diameter. The initial volution is high 
and succeeding volutions gradually increase in height. 
The characteristic flattened shape of the mid-region of 
the test is attained by the second volution. Com­
monly, the form ratio gradually increases from about 
2.0 in the first volution to 2.5 in the sixth.
The keriothecal wall is commonly very thin in the 
first 2 or 3 volutions and only in the fourth and later 
volutions does it increase markedly in thickness. The 
thin septa are folded into high regular folds that have 
flattened crests except in the last volution where the 
folds become more widely spaced.
The tunnel follows a regular path, is of narrow to 
medium width in the early volutions and expands 
gradually in later volutions (see Measurements) where 
its path becomes difficult to trace because it cuts few 
septal folds. Rudimentary chomata girth the prolocu­
lus, and pseudochomata may form at the base of the 
septa in volutions where secondary deposition is 
marked. Secondary deposits tend to fill the axis and 
the interior of septal folds in the first 2 to 3 volutions, 
and they heavily coat the crests of folds adjacent to 
the tunnel in all but the last volution (PI. l,figs. 2, 3).
Remarks.-—Schwagerina guembeli differs from the 
closely similar S. crassitectoria Dunbar and Skinner 
in shape and distribution of axial deposits, and it 
differs from S. gruperaensis Thompson and Miller in 
being smaller per volution and smaller in mature size. 
Specimens of S. guembeli are rare in the Leonard For­
mation of the western part of the Glass Mountains
MEASUREMENTS OF 
SCHWAGERINA GUEMBELI 
YPM SPECIMENS
Volution 21818 21819 21817
0 .12 .14 .13
1 .20 .20 .25
Radius 2 .30 .35 .45
vector 3 .50 .55 .65
(mm.) 4 .70 .85 1.00
5 .95 1.20 1.30
6 1.25 1.50
1 .30 .35 10
Half 2 .65 .65 23
length 3 1.00 1.00 23
(mm.) 4 1.40 1.60 25
5 1.90 2.50 23
6 2.60 3.50
1 1.5 1.8
2 2.1 1.9
Form 3 2.0 1.9
ratio 4 2.0 1.9
5 2.0 2.1
6 2.1 2.3
0 .02 .02 .03
1 .02 .02 .02
Wall 2 .04 .03 ‘ .04
thickness 3 .04 .05 .05
(mm.) 4 .05 .07 .05
5 .08 .08 .08
6 .08 .08
1 25 25
Tunnel 2 25 25
angle 3 25 25
(°) 4 30 30
5 45?
6
but their occurrence here represents the extension of 
the zone of S. guembeli to southwest of the Hess 
Ranch house.
Occurrence.—Specimens discussed here are from 3 
collections in calcilutite, 10 to 50 feet above the coarse 
conglomeratic limestone forming the base of the Leon­
ard Formation, and one free specimen that was asso­
ciated with other specimens of Leonardian fusulinids. 
Localities: 5-2, 7A-11X, loc. 4 (float), 9.
Type locality.-—One and one-half miles west of Gap 
Tank, eastern part of the Glass Mountains, Hess 
Member, Leonard Formation, about 150 feet above 
the top of the shales of the Lenox Hills Formation 
(Wolfcampian Series).
Schwagerina hawkinsi Dunbar and Skinner 
Plate 4, figures 1-6
Schwagerina hawkinsi Dunbar and Skinner, 1937, 
Texas Univ. Bull. 3701, p. 632, pi. 59, figs. 1-9.
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Description.—Large globose to subglobose tests that 
commonly attain 18 mm. in length and 6.5 mm. in 
diameter in 81i to 9 volutions.
Proloculus is large, 0.4 mm. outside diameter, and 
the first one to two volutions are low (PI. 4, figs. 1, 
6). Succeeding volutions become higher and by the 
third or fourth volution the test attains a subglobose 
or globose shape that it retains in later volutions. The 
poles commonly become pointed.
MEASUREMENTS OF 
SCHWAGERINA HAW KIN SI 
YPM SPECIMENS
Volution 21852 21854 21855 21857
0 .18 .18 .18 .15
1 .30 .32 .45 .25
Radius 2 .55 .50 .65 .50
vector 3 .75 .80 .85 .75
(mm.) 4 1.15 1.15 1.05 .95
5 1.50 1.55 1.35 1.30
6 1.95 1.95 1.70 1.65
7 2.45 2.05 2.05
8 2.80 2.60
1 .45 .65 .45 .50
2 .90 .95 .65 1.05
Half 3 1.30 1.30 .90 1.60
length 4 1.80 1.90 1.25 2.10
(mm.) 5 2.50 2.35 1.70 2.90
6 3.75 2.40 2.40 3.80
7 5.50 3.35 4.90
8 6.90 4.40
1 1.3 2.0 1.0 2.0
2 1.6 1.9 1.0 2.1
Form 3 1.9 1.6 1.1 2.1
ratio 4 1.6 1.7 1.2 2.2
5 1.7 1.5 1.3 2.2
6 1.9 1.2 1.4 2.3
7 2.3 1.6 2.4
8 2.5 1.7
0 .10 .07 .05 .03
1 .10 .05 .04 .03
Wall 2 .08 .06 .04 .04
thickness 3 .07 .05 .05 .04
(mm.) 4 .10 .07 .05 .06
5 .10 .09 .07 .05
6 .12 .08 .08 .08
7 .12 .12 .08
8 .12 .12
1 20 10 5 10
2 15 10 5 10
Tunnel 3 10 10 5 10
angle 4 10 10 5 15
(“) 5 11 15 10 10
6 15 10 20
7 15 10 20
8 10
The keriotheca is thick and has coarse alveoli that 
are well displayed in the fourth and later volutions. 
The septa are complexly fluted into high, regular folds 
reaching to the top of the chambers and overlapping 
onto previous septal folds (PI. 4, fig. 1).
The narrow tunnel is well outlined and follows an 
irregular path. Secondary deposits occur as heavy 
coatings on septa and are particularly common in all 
but the last volution. These coatings are generally 
heaviest near the tunnel.
Remarks.-—Schwagerina hawkinsi has more regularly 
folded and thicker septa and heavier secondary de­
posits than S. nelsoni Dunbar and Skinner, and lacks 
the inflated growth stage common in that species. S. 
hessensis Dunbar and Skinner has a less ventricose 
shape, less regularly folded septa, and is more loosely 
coiled. S. gruperaensis Thompson and Mdler is smaller 
and has heavier secondary deposits particularly near 
the tunnel, and S. figueroai Thompson and Miller is 
more loosely coiled and has heavy secondary deposits 
only adjacent to the tunnel. S. hawkinsi is similar in 
size and general shape to S. globosa (Schellwien and 
Dyhrenfurth) from the Lower Permian of Russia and 
east Asia but differs from that species in having lower 
chambers, secondary deposits, and commonly a longer 
axis.
S. hawkinsi is a distinctive species, not known out­
side of the western part of the Glass Mountains, and 
is abundant in conglomerate beds in the lower 1(X) feet 
of the Leonard Formation in the western part of the 
Glass Mountains. Abraded specimens have been found 
above the basal 100 feet of the Leonard Formation at 
only one locality (6-4C) 420 feet above the base of 
the formation.
Occurrence.-—In conglomeratic limestones, commonly 
associated with attached brachiopods, large crinoids, 
and S. hessensis. Localities: 6-4C, 6A-4, 6A-7, 6A-8, 
7A-3, 7A-S, 7B-18, loc. 3 (Float), 13, 15 (float).
Lectotype.—Here designated as specimen illustrated 
by Dunbar and Skinner (1937, PI. 59, fig. 4), YPM 
14955, from the base of the Leonard Formation, Dug- 
out Mountain.
Schwagerina hessensis Dunbar and Skinner 
Plate 1, figures 8, 9, 11-13, 17; plate 2, figures 5, 7-10 
Schwagerina hessensis Dunbar and Skinner, 1937, 
Texas Univ. Bull. 3701, p. 630, pi. 58, figs. 1-11.
Description.-—Fusiform tests of medium size that 
commonly reach 9 to 10 mm. in length and 3.5 mm. 
in diameter in 6 or 7 volutions.
Proloculi vary greatly in outside diameter, 0.2 to 
0.4 mm. in specimens examined, and the volutions coil 
loosely. The test attains a characteristic fusiform 
shape that becomes progressively more elongate.
The thick, coarsely alveolar keriotheca thins mark­
edly toward the poles. The septa are fluted into high.
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regular folds that reach to the top of the chambers. 
Folds lap onto the folds of the preceding septum from 
the poles to high on the lateral slopes.
The tunnel is well outlined, of medium width, and 
closely follows the midplane of the test. Secondary 
deposits are of two types; thickenings deposited in the 
axes of the septal folds and false walls that are partic­
ularly common in most of the chambers. Chomata or 
rudimentary chomata are lacking in the test.
Remarks.—Schtvagerina hessensis differs from S. 
hawkinsi in having a fusiform shape, less secondary 
deposits, and a wider straighter tunnel.
From other common species of Schtoagerina such as 
S. diversijormis Dunbar and Skinner and S', huecoensis 
(Dunbar and Skinner), S. hessensis differs in its com­
bination of fusiform shape, thick, coarsely alveolar 
wall, open coiling, and lack of heavy secondary de-
MEASUREMENTS OF 
SCHWAGERINA HESSENSIS
YPM SPECIMENS
Volution 21842 21838 21840
0 .14 .10 .15
1 .30 .20 .25
Radius 2 .55 .40 .45
vector 3 .85 .65 .80
(mm.) 4 1.25 .95 1.20
5 1.60 1.25 1.60
6
1 .50 .40 .30
Half 2 .85 .75 .90
length 3 1.60 1.50 1.80
(mm.) 4 3.15 2.40 2.80
5 4.10 3.40.f 4.70
6
1 1.7 2.0 1.2
2 1.5 1.9 2.0
Form 3 1.9 2.3 2.2
ratio 4 1.4 2.5 2.3
5 2.6 2.7? 2.9
6
0 .03 .02 .03
1 .04 .04 .03
Wall 2 .09 .07 .07
thickness 3 .14 .08 .10
(mm.) 4 .15 .13 .14
5 .14
6
1 15 20 25
Tunnel 2 25 20 25
angle 3 25 25 25
(°) 4 30 28 25
5
6
posits. It differs in shape, ontogeny, and thickness of 
its wall from S. nelsoni Dunbar and Skinner.
S. hessensis is distributed widely in the lower 350 
feet of the Leonard Formation in the western part of 
the Glass Mountains where it forms a readily recog­
nizable zone. It has not been reported outside the 
Glass Mountains. S. hessensis is closely similar to S. 
vulgaris (Schellwlen and Dyhrenfurth) from the Lower 
Permian of Russia and apparently differs from that 
species in having lower chambers and more highly 
fluted septa.
Occurrence.—S. hessensis is common in coarse cal- 
carenite and occasionally in conglomeratic limestone. 
It is associated with S', hawkinsi and Parafusulina 
leonardensis Ross n. sp. Localities: 6-4B, 6A-4, 6A-7, 
6A-34, 6C-1C, 6D-1, 7A-3, 7A-11X, Loc. 4, 6, 7.?, 8, 
and 10.
Lectotype.-—Here designated as specimen illustrated 
by Dunbar and Skinner (1937, PI. 58, fig. 11), YPM 
14948, from the base of the Leonard Limestone, Dug- 
out Mountain.
Schwageiina sp. A 
Plate 1, figures 10, 14
Discussion.—Two specimens of Schuiagerina sp. A 
found in a collection from the upper part of the Lenox 
Hills Formation are of particular interest because they 
apparently represent a rare species, or perhaps two 
rare species, that appears to be ancestral to species 
common in the Leonard Formation. The stratigraphic 
significance of these specimens is difficult to assess 
because of their limited occurrence.
The two specimens illustrated have subventricose 
outlines, a thick keriotheca, thin broadly rounded sep­
tal folds, and lack false walls. In such features as their 
thick walls and general distribution of secondary de­
posits, they are similar to 5. hessensis Dunbar and 
Skinner but they differ from this species in the shape 
and folding of the septa. The specimen, shown in 
Plate 1, fig. 10, apparently represents a possible an­
cestor to S. hessensis. The specimen, illustrated in 
Plate 1, fig. 14, is perhaps more closely similar to S. 
huecoensis (Dunbar and Skinner) from the lower part 
of Hueco Limestone in the Hueco Mountains, Texas, 
although that species is larger than S. sp. A, has higher 
and more intensely folded septa, and a crenulated wall. 
The more elongate specimen (PI. 1, fig. 14) may rep­
resent an intermediate step toward such species as S. 
dugoutensis Ross n. sp. which, however, has more an­
gular poles and more angular septal folds.
Occurrence.—S. sp. A was found at one locality in 
the upper part of the Lenox Hills Formation a few 
feet stratigraphically below the Leonard Formation at 
the top of the northeast ridge of Leonard Mountain, 
Locality 1, where it is associated with Paraschwager- 
ina sp. A.
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MEASUREMENTS OF SCHWAGERINA SP. A 
YPM SPECIMENS
Volution 21830 21831
0 .10 .20
1 .20 .35
Radius 2 .35 .50
vector 3 .60 .75
(mm.) 4 CO 1.05
5 1.20 1.40
6 1.70
1 .60 .60
Half 2 .85 1.15
length 3 1.50 1.95
(mm.) 4 2.30 2.95
5 3.20 4.00
6 5.20
1 3.0 1.7
2 2.4 2.3
Form 3 2.5 2.1
ratio 4 2.7 2.8
5 2.7 2.8
6 3.1
0 .02 .03
1 .03 .05
Wall 2 .05 .07
thickness 3 .06 .09
(mm.) 4 .09 .12
5 .09 .13
6 .10
1 25 30
Tunnel 2 25 30
angle 3 25 30
(°) 4 30 50
5
6
Genus Parafusulina Dunbar and Skinner, 1931 
ParafusuUna allisonensis Ross 
Plate 2, figures 1-4
Parafusulina allisonensis Ross, 1960a, Cushman Found.
Foram. Research, Contr., v. 11, p. 126, pi. 19, figs.
1-9.
Description.—Fusiform tests that commonly reach 
8.5 to 9 mm. in length and 2.6 to 2.9 mm. in diameter 
in 7 to 7 !4 volutions.
Proloculi in specimens examined are of medium size, 
average about 0.25 mm. outside diameter. The first 
volution is low and globose and succeeding volutions 
gradually increase in height and become proportion­
ally longer; a form ratio of 3.0 is common in the sixth 
volution. The general shape of the test is established 
by the second or third volution.
The wall is composed of a thin tectum and a me­
dium to coarsely alveolar keriotheca. It is thin in the 
proloculus and the first two volutions, 0.01 mm. thick, 
but gradually increases to 0.10 mm. in later volutions. 
The wall thins abruptly at the polar extremities. The 
septa are intensely folded into regularly spaced folds 
that increase in height away from the midplane. The 
folds have gently rounded crests. Folds of adjacent 
septa meet at their bases where resorption results in 
low cuniculi in the outer two volutions.
The tunnel is of medium width in the inner volu­
tions and widens in later volutions where it is diffi­
cult to trace because it cuts few of the widely spaced 
septa. The path of the tunnel is slightly irregular (PI. 
2, fig. 4). Rudimentary chomata ring the proloculus 
but are lacking in the coiled part of the test. Secon­
dary deposits are common in the axial portion of the 
test and may coat the crests of septal folds in a few 
volutions (PI. 1, figs. 3, 4).
Remarks.—Specimens of Parafusulina allisonensis 
from the western part of the Glass Mountains show
Figs.
1-3.
4-7.
8,9,11-13,17.
10,14. 
15,16.
EXPLANATION OF PLATE 1
All figures X 10
Page
Schwagerina guembeli Dunbar and Skinner, collection 7A-11X (float), 20 feet above top
of basal limestone of the Leonard Formation, member A, Dugout Mountain ...................
1. Sagittal section, YPM 21817. 2, 3. Axial sections, YPM 21818 and YPM 21819. 
Parafusulina spissisepta Ross, collection 6-4A, base of the first limestone member of the
Leonard Formation, member B, Lenox Hills ..............................................................................
4, 5. Axial sections, YPM 21820 and YPM 21821. 6. Tangential section showing low 
but well developed cuniculi, YPM 21822. 7. Sagittal section, YPM 21823. 
Schwagerina hessensis Dunbar and Skinner, basal limestone of the Leonard Formation,
member A, in the Lenox Hills ........................................................................................................
8, 9, 12. Axial sections, collection 18, YPM 21824, 21825, and 21826. 11, 17. Sag­
ittal sections, collection 18, YPM 21827 and 21828. 13. Tangential section, collection 
18, YPM 21829.
Schwagerina sp. A, upper limestone of the Lenox Hills Formation, northeasternmost knob
on Leonard Mountain, locality 1 ......................................................................................................
10, 14. Axial sections, YPM 21830 and 21831.
Schwagerina crassitectoria Dunbar and Skinner, collection 6A-25X, float from about 40 
feet below the first limestone member of the Leonard Formation, member A, Lenox Hills 
15. Axial section, YPM 21832. 16, Sagittal section, YPM 21833.
11
18
12
13
9
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MEASUREMENTS OF 
PARAFUSULINA ALLISONENSIS 
YPM SPECIMENS
slightly less axial deposition than do the syntypes 
from the Hess Member of the Leonard Formation in 
the eastern part of the Glass Mountains but in other
Volution 21834 21836 21837 aspects they appear identical. P. allisonensis differs
0 .12 .14 .13 from P. nancei Thompson and Miller from Venezuela
1 .25 .22 .25 in having less extended poles, a smaller size, and axial
Radius 2 .40 .30 .35 deposits scattered along the axes rather than concen-
Vector 3 .60 .40 .50 trated in the early volutions. P. skinneri Dunbar from
(mm.) 4 .80 .55 .75 Sonora, Mexico, is larger, has more irregular and
5 1.10 .85 1.00 higher septal folds, and has secondary deposits scat-
6 1.35 .95 1.30 tered throughout the test. P. bakeri Dunbar and
7 1.20 Skinner is larger, has higher and more regular septal
1 .50 .35 .35 folds, and a different ontogeny in the early volutions.
2 1.10 .65 .65 Occurrence,—F. allisonensis is found in collections
Half 3 1.70 1.00 1.30 7-6A, 7A-11X, 7B-21, loc. 6. In the western part of the
length 4 2.70 1.55 2.60 Glass Mountains, this species occurs in well sorted cal-
(mm.) 5 4.20 2.70 3.40 cilutite, commonly having very fine calcareous sand,
6 5.20 3.60 4.30 from 50 to 400 feet above the base of the formation.
7
1
2
2.0
2.8
4.60
1.6
2.2
1.4
1.9
These beds appear to represent part of the zone of P. 
allisonensis as recognized in the Hess Member in the
eastern part of the Glass Mountains (Ross, 1960a).
3 2.8 2.5 2.6 Type Locality.—840 feet above the base of the Hess
ratio 4 4 IS 3J Member of the Leonard Formation near the Allison
5 3.8 3.2 3.4 Ranch house, eastern part of the Glass Mountains.
6
7
3.8 3.8
3.8
3.3
Parafusulina durhami Thompson and Miller
0 .03 .01 .02 Plate 6, figures 1-7
1 .05 .01 .04 Parafusulina durhami Thompson and Mieler, 1949,
Wall 2 .07 .01 .04 Jour. Paleontology, v. 23, p. 15, pi. 3, figs. 3-7, pi.
thickness 3 .08 .03 .07 5, figs. 9, 11, 12.
(mm.) 4 .08 .04 .08 Description.—Large, elongate tests that commonly
5 .10 .07 .11 reach 14 mm. in length and 3.5 mm. in diameter in
6 .10 .09 .10 8 volutions.
7 .11 Proloculi are of medium size, averaging 0.25 mm.
1 30 20 25 outside diameter, and may be aspherical (PI. 6, fig. 3).
2 30 20 25 The first three volutions are low and succeeding volu-
Tunnel 3 35 30 30 tions increase gradually in height. The chambers
angle 4 40 35 35 heighten toward the poles giving the test a fusiform
C) 5 45 40 shape after the fourth volution. The poles are sharply
6 60 rounded from tapering lateral slopes. The axis of coil-
7 ing may be curved.
EXPLANATION OF PLATE 2
Figs. All figures X 10 Page
1-4. Parafusulina allisonensis Ross, lower part of the Leonard Formation, members A and B, Dugout
Mountain .......................................................................................................................................................... 14
I, 3, 4. Axial sections, collection 7B-21, YPM 21834, 21836, and 21837. 2. Sagittal section,
collection 7-6A, YPM 21835.
5, 7-10. Schwagerina hessensis Dunbar and Skinner, lower part of Leonard Formation, members A and B,
Dugout Mountain and the Lenox Hills ...................................................................................................... 12
5. Axial section, collection 6A-5, YPM 21838. 7. Axial section, collection 7A-3, YPM 21839.
8. Axial section, collection 6, YPM 21840. 9. Axial section, collection 7A-3, YPM 21841.
10. Axial section, collection 6-4B, YPM 21842.
6. Paraschwagerina sp. A, upper limestone beds of the Lenox Hills Formation, northeastern knob 
on Leonard Mountain .................................................................................................................................. 8
6. Axial section, collection 1, YPM 21843.
11-13. Monodiexodina linearis (Dunbar and Skinner), lower part of Leonard Formation, members A
and B ................................................................................................................................................................ 6
II. Axial section, collection 6D-12, YPM 21844. 12, 13. Axial sections, collection 7A-5,
YPM 21845 and 21846.
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The wall is thin throughout the test, reaching a 
thickness of about 0.07 mm. in the seventh volution, 
and alveoli are prominently displayed. The septa are 
strongly folded into high regular folds that reach to 
the top of the chambers. Opposing folds of adjacent 
septa meet and are resorbed to form low cuniculi (PI. 
6, fig. 4).
The tunnel is of medium width and follows a slightly 
irregular path. The tunnel angle increases gradually 
from 2S degrees in the first volution to 35 degrees in 
the fifth volution. Chomata are lacking. Secondary 
deposits occur only in the axial region of the first 4 
to 4!4 volutions.
Remarks.—These specimens from the Glass Moun­
tains agree closely in all aspects with the syntypes 
described by Thompson and Miller from Colombia. 
Parafusulina durhami is closely similar to P. leonard- 
ensis Ross n. sp. which occurs below it in the lower 
part of the Leonard Formation. From P. leonardensis, 
it differs in having more regular and more closely 
spaced septal folds and secondary deposits restricted 
to the axial region of the first 4/6 volutions. P. durhami 
differs from P. guatemalaensis Dunbar from Central 
America in having higher chambers, more regularly 
spaced and more intensely folded septa, and in having 
secondary deposits only in the early volutions.
P. durhami is similar to P. tschussovensis Rauser- 
Chernoussova from the Artinskian Series of the south­
ern Ural Mountains but differs from that species in 
having more volutions and lower chambers although 
both species have nearly the same size and form ratio. 
Schwagerina hyperborea (Salter) from the Canadian 
Arctic is probably a primitive species of Parafusulina 
having low cuniculi (see Thorsteinsson, 1960, pi. 6, 
fig. 1) and it is similar to P. durhami in size and 
shape but has higher chambers, less closely spaced 
septal folds, and more extensive axial deposits. P. 
belcheri Thorsteinsson lacks axial deposits, is more 
stubby in outline, and has more loosely folded septa.
Occurrence.—P. durhami is abundant in two collec­
tions from the Glass Mountains high in the Leonard 
Formation about 100 feet beneath the base of the 
Word Formation. Localities; 5-30 in the type section
MEASUREMENTS OF 
PARAFUSULINA DURHAMI 
YPM SPECIMENS
Volution 21866 21867 21870 21871
0 .13 .16 .10 .12
1 .22 .20 .18 .18
Radius 2 .35 .35 .30 .25
vector 3 .50 .50 .45 .40
(mm.) 4 .70 .70 .65 .60
5 1.00 .95 .90 .80
6 1.40 1.25 1.20 1.20
7 1.70 1.60 1.45
1 .50 .40 .50 .45
2 .90 .90 .90 .95
Half 3 1.40 1.40 1.40 1.85
length 4 2.40 2.40 2.05 2.50
(mm.) 5 3.80 4.50 3.10 3.50
6 5.30 6.00 4.10 5.20
7 6.20 5.70 6.80
1 2.3 2.0 2.8 2.5
2 2.6 2.6 3.0 3.8
Form 3 2.9 2.8 3.1 4.6
ratio 4 3.4 3.4 3.1 4.2
5 3.8 4.7 3.4 4.4
6 3.8 4.8 3.4 4.3
7 3.7 3.6 4.7
0 .03 .02 .02 .02
1 .03 .02 .03 .02
Wall 2 .04 .03 .03 .03
thickness 3 .05 .04 .04 .03
(mm.) 4 .05 .04 .05 .04
5 .07 .04 .05 .07
6 .08 .07 .07 .07
7 .09 .08 .06
1 20 25 25 20
2 20 30 25 20
Tunnel 3 30 35 30 25
angle 4 40 35 40 30
(') 5 40 40 35 35
6 40 40
7
EXPLANATION OF PLATE 3 
All figures X 10
Figs. Page
1-4. Parafusulina spissisepta Ross, from member B and near top of “sponge reef” horizon, Leonard
Formation, north of the Wolf Camp Hills ................................................................................................... 18
1. Axial section, collection USNM 714u, USNM 139577. 2. Axial section, collection 6-4A,
YPM 21847. 3, 4. Axial sections, collection 13, YPM 20658 and YPM 20657.
5-10. Schwagerina dugoutensis Ross, n. sp., from member A, Leonard Formation, Dugout Mountain
and Lenox Hills .................................................................................................................................................. 10
5. Axial section, collection 6A-4, YPM 21850. 6. Axial section, collection 16, YPM 20620.
7. Axial section, collection 6A-5, YPM 21851. 8. Axial section, collection 2, YPM 20622.
9. Axial section, collection 2, YPM 20623. 10. Axial section of holotype, collection 2, YPM
20621. Specimens lacking seconda^ deposits, as in Fig. 7, are rare, but specimens having 
thick secondary deposits, as in Figs. 5, 8, and 10, are common.
CoNTRiB. Cushman Found. Foram. Research, Vol. 13 Plate 3
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of the Leonard Formation, loc. 14 at Split Tank east of 
the Old Word Ranch house, and loc. 17 at Clay Slide.
Synlypes.—From limestone on a hill at the north 
side of Quebrada Manaure, about 4.5 kilometers east 
of the village of Manaure, Department de Magdalena, 
Colombia (Thompson and Miller, 1949).
Parafusulina leonaidensis Ross n. sp.
Plate 5, figures 1-8
Description.—Large subcylindrical tests that attain 
lengths of 14 to 15 mm. and diameters of 3.0 to 3.5 
mm. in 6 to 7 volutions.
Proloculi in specimens examined range from 0.18 to 
4.8 mm. outside diameter. The early volutions are 
low and the succeeding volutions increase gradually 
in height to the last volution. The form ratio increases 
from about 3 in early volutions to 4 in later volutions 
(see Measurements). Succeeding half volutions over­
lap irregularly and commonly form bluntly rounded 
poles (PI. 5, figs. 2, 4, 5).
The wall is formed of a dark tectum and a coarsely 
alveolar keriotheca. The septa are intensely folded 
into high, regularly spaced folds that have flattened 
crests. Only in the polar extremities do the folds be­
come irregular. Tbe tunnel follows a straight path and 
is narrow in the first four volutions where the tunnel 
angle averages about 20 degrees. In later volutions, 
the tunnel may become irregular in its path and is 
wider, the tunnel angle being commonly 40 degrees in 
the sixth volution. Cuniculi are well displayed in the 
outer 2 or 3 volutions (PI. 5, figs. 3). Chomata are 
lacking. Secondary deposits are common and vary 
greatly between specimens (PI. 5, figs. 1, 2, 4-6, 8). 
Deposits are heaviest in the axial region and may coat 
the septa and also occasionally the proloculi.
Remarks.—ParajusuLina leonardensis is similar to a 
number of early species of Parafusulina from which it 
is commonly difficult to separate. Perhaps the most 
closely similar species is P. guatemalaensis Dunbar 
(Dunbar, 1939b, p. 347, and Kling, 1960, p. 649) 
which differs from P. leonardensis in being more 
elongate, in having axial deposits only in the inner 
314 volutions, and in having wider cuniculi. P. bosei 
var. attenuata has more tapered lateral slopes and 
more extensively developed cuniculi in earlier volu­
tions. P. splendens Dunbar and Skinner has more 
closely spaced septal folds and higher but less elongate 
chambers.
P. bakeri Dunbar and Skinner differs from P. 
leonardensis in having a larger proloculus, a more ven-
MEASUREMENTS OF 
PARAFUSULINA LEONARDENSIS 
YPM SPECIMENS
Volution 21858 21859 21862 21865
0 .21 .12 .11 .09
1 .40 .20 .18 .15
Radius 2 .55 .30 .30 .25
vector 3 .70 .50 .40 .35
(mm.) 4 .90 .70 .60 .55
5 1.20 .80 .75 .70
6 1.45? 1.25 .85 .95
7 1.55 1.20 1.25
1 1.0 .70 .40 .40
2 1.50 1.40 .90 .80
Half 3 2.30 2.10 1.30 1.40
length 4 3.40 2.80 2.10 1.90
(mm.) 5 4.90 4.10 2.90 2.50
6 6.70 5.30 4.00 3.70
7 6.60 6.10 4.60
1 2.5 3.5 2.2 2.7
2 2.7 3.6 3.0 3.2
Form 3 3.3 4.2 3.2 4.0
ratio 4 3.8 4.0 3.5 3.5
5 4.1 5.1 3.9 3.6
6 4.6? 4.2 4.7 3.9
7 4.3 5.1 3.8
0 .02 .03 .02 .02
1 .02 .03 .02 .03
Wall 2 .03 .03 .02 .03
thickness 3 .03 .05 .02 .05
(mm.) 4 .04 .04 .04 .06
5 .07 .06 .06 .07
6 .07 .08 .08 .08
7 .07 .08 .08
1 30 30 15 25
2 35 25 20 20
Tunnel 3 40 30 25 20
angle 4 40 30 30 30
n 5 40 35 35 306 45 35 35
7 ......................................................
tricose test, and only minor amounts of secondary de­
posits. P. bakeri is reported by Dunbar and Skinner 
from two localities near the base of the Leonard For­
mation at the southern end of Dugout Mountain and 
at the southern tip of the hill just west of Iron Moun-
EXPLANATION OF PLATE 4 
All figures X 10
Figs. Page
1-6. Schwagerina hauikinsi Dunbar and Skinner, members A and B, Leonard Formation ........................... 11
1. Axial section, collection 6A-4, YPM 21852. 2. Sagittal section, collection 19, YPM 21853. 
3. Axial section, collection 7B-18, YPM 21854. 4. Axial section, collection 6A-4, YPM 21855. 
5. Axial section, rounded and abraded specimen, collection 6-4C, YPM 21856. 6. Axial sec­
tion, collection 6A-4, YPM 21857.
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ta n. Although both these localities were examined 
and collected in detail, no additional specimens of P. 
bakeri were found. P. durhami Thompson and Miller 
differs from P. leonardensis in having more regular and 
more closely spaced septal folds and secondary de­
posits restricted to the axial region of the first four 
and one-half volutions. P. leonardensis is smaller per 
volution and is more elongate than P. skinneri Dun­
bar from Sonora although both species are closely sim­
ilar in many other features. P. kaerimhensis (Ozawa) 
from Japan has more tapered poles.
P. leonardensis takes its name from Leonard Moun­
tain where the holotype was collected.
Occurrence.—P. leonardensis is widely distributed in 
the lower 600 feet of the Leonard Formation in poorly 
sorted calcarenites. Localities; 5-3, 5-5, 5-12A, 5-12B,
6- 2, 6-6, 6A-7, 6A-8, 6A-12, 6A-17, 6A-19, 6B-23, 
6B-40, 6C-1B, 6C-1C, 6C-3A, 6C-3X (float), 6D-2,
7- 2A, 7-2B, 7A-3, loc. 9.
Holotype.—YPM 21862, from collection 5-12B, 380 
feet above the base of the Leonard Formation on the 
north side of Leonard Mountain.
Faiafusulina spissisepta Ross 
Plate 1, figures 4-7; plate 3, figures 1-4 
Parajustdina spissisepta Ross, 1960a, Cushman Found.
Foram. Research, Contr., v. 11, p. 127, pi. 18, figs.
7-13.
Description.—Fusiform tests commonly reach 11 
mm. in length and 2.8 mm. in diameter in 6 volutions.
Proloculi in specimens examined are of medium size, 
about 0.15 mm. outside diameter, and the first two to 
three volutions are low and elongate. Succeeding volu­
tions have a marked increase in height, particularly 
near the poles (PI. 1, fig. 5). The shape of the test is 
nearly constant after the first volution. The poles are 
subacute.
The wall is composed of a tectum and a thin, finely 
alveolar kerioetheca that tapers gradually toward the 
poles. The septa are intensely folded into high, regu­
lar, open folds that extend to the top of the chambers. 
Opposing folds of adjacent septa overlap and low 
cuniculi are common in the outer volution.
The straight tunnel is of medium width in the first 
three volutions; the tunnel angle is 20 to 30 degrees, 
and gradually widens in later volutions where it may 
reach 40 degrees. Secondary deposits coat the septal
folds in the axial region and adjacent to the tunnel 
but these deposits are not extensive. False walls are 
rare or lacking.
MEASUREMENTS OF 
PARAFUSULINA SPISSISEPTA 
YPM SPECIMENS
Volution 21820 21821 20658
0 .06 .05 .08
1 .12 .09 .15
Radius 2 .15 .14 .30
vector 3 .25 .25 .50
(mm.) 4 .40 .40 .80
5 .55 .60 1.15
6 .80 .80 1.50
7 1.10
1 .20 .25 .70
2 .40 .40 1.25
Half 3 .65 .70 2.00
length 4 1.00 1.20 2.80
(mm.) 5 1.70 1.90 4.10
6 2.60 2.90 5.60
7 4.10
1 1.7 2.8 4.5
2 2.6 2.9 4.2
Form 3 2.6 2.8 4.0
ratio 4 2.5 3.0 3.5
5 3.1 3.2 3.5
6 3.2 3.6 3.7
7 3.7
0 .02 .02 .02
1 .02 .02 .02
Wall 2 .03 .02 .03
thickness 3 .04 .03 .04
(mm.) 4 .06 .05 .06
5 .08 .07 .07
6 .07 .06 .08
7 .08
1 20 20 30
2 20 25 25
Tunnel 3 25 25 35
angle 4 20 30 40
(°) 5 25 30 55?
6 40
7
EXPLANATION OF PLATE 5 
All figures X 10
Figs. ^
1-8. Parafusulina leonardensis Ross n. sp., from members A and B, Leonard Formation, Leonard Moun­
tain and Lenox Hills ..........................................................................................................................................
1 6 Axial sections, collection 6C-3X, YPM 21858 and YPM 21863. 2. Axial section, collec­
tion 6B-40, YPM 21859. 3. Tangential section, collection 6B-40, YPM 21860. 4. Axial section, 
collection 6C-3A, YPM 21861. 5. Axial section of holotype, collection 5-12B, YPM 21862. _ 7. 
Sagittal section, collection 6B-40, YPM 21864. 8. Axial section, collection 5-3, YPM 21865.
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Remarks.—Specimens of Parajusulina spissisepta 
from the western part of the Glass Mountains com­
pare closely with the syntypes described from the 
eastern part of the Glass Mountains. The amount of 
secondary deposition on the septal folds tends to be 
less although specimens from a few feet above the type 
locality (PI. 3, figs. 3, 4) also have fewer secondarily 
thickened septa.
P. spissisepta is not closely similar to other described 
primitive species of Parajusulina. It differs from P. 
honardensis Ross n. sp. and P. allisonensis Ross in 
having compact early volutions and a different shape. 
P. bakeri Dunbar and Skinner has less tightly coiled 
early volutions and a different shape and septal fold­
ing, and P. nancei Thompson and Miller from northern 
South America is more elongate and has a different dis­
tribution of secondary deposits. P. spissisepta has a 
similar shape to Schwagerina aculeata Thompson and 
Hazzard from the Bird Spring Formation of southern 
California but differs from that species in possessing 
low cuniculi and more regularly folded septa.
Occurrence.—Parajusulina spissisepta is most com­
mon in the complex lenses of poorly sorted calcarenite 
that form most of the first to fourth limestone mem­
bers of the Leonard Formation as designated by P. 
B. King (1931, 1937) at Dugout Mountain and in the 
Lenox Hills. Its stratigraphic range there is at least 
ISO feet. Localities: 6-4A, 6A-34, 6C-1C, 6D-2, 7-2B, 
locality 7, USNM locality 714u. Type locality is in 
the Hess fossil bed in the eastern part of the Glass 
Mountains.
MISCELLANEOUS COLLECTING LOCALITIES 
Lenox Hills Formation
1. Top of northeastern knoll of Leonard Mountain, 
0.8 mile NNE of BM 5860. (YPM collection 
6683-75). Schwagerina sp. A, Paraschwagerina 
sp. A.
Leonard Formation
2. Southwest end of Dugout Mountain, 0.4 mile N 
83° W of Section 7B, base of member A. (YPM 
collection 6683-14). Schwagerina dugoutensis.
3. Loose specimens just below basal limestone of the 
Leonard Formation on a shaly slope of the Lenox 
Hills Formation, 0.2 mile SW of the summit of
Dugout Mountain. (YPM collection 6683-18). 
Schwagerina hawkinsi, S. diversijormis Dunbar 
and Skinner.
4. West of Section 7B about 0.8 mile, loose speci­
mens at the top of a tightly folded anticline in the 
Gaptank Formation. (YPM collection 6683-24). 
Schwagerina guembeli, S. hessensis?
5. Slump block, north end of the Lenox Hills, 0.5 
mile S 30° W of Hill 5021. (YPM 6683-25). 
Schwagerina dugoutensis, S. hessensis.
6. 50 feet below top of member A, 0.9 mile, N 40° E 
of the summit of Dugout Mountain. (YPM col­
lection 6683-72). Parajusulina allisonensis.
7. Northwest end of the main escarpment of the 
eastern Glass Mountains opposite the center of 
the Hess Ranch horst, bed 7 of P. B. King’s 
(1931) measured Section 22. (YPM collection 
6683-82). Schwagerina crassitectoria, S. guembeli, 
S. hessensis?
8. 20 feet above the base of member A, 0.5 mile 
north of Section 6A, Lenox Hills. (YPM collec­
tion 6683-83). Schwagerina hessensis, Monodiexo- 
dina linearis.
9. 25 feet above base of member B, above Section 
6A, Lenox Hills. (YPM collection 8863-84). 
Parajusulina leonardensis.
10. 65 to 100 feet above the base of the Leonard For­
mation, 0.8 mile west of Iron Mountain (Hill 
5420). (YPM collection 6683-10-15 and 10-16). 
Parajusulina leonardensis, Schwagerina hessensis.
11. 0.9 mile N 70° W of Hill 5816, on the northern 
flank of the Hess Ranch horst, just above the 
basal limestone ledge of the Leonard Formation. 
(YPM collection 6753-9). Schwagerina guembeli.
12. 15 feet above the base of member B, 0.3 mile S 
42° W of Hill 5021, northern part of the Lenox 
Hills. (YPM collection 6527-7). Schubertella 
muellerriedi.
13. 1.8 miles NW of Wolf Camp Hills, 150 feet above 
the base of tbe Hess fossil bed. (Dunbar collec­
tion 7-5-3, 1950). Parajusulina spissisepta.
14. 100 feet below top of Leonard Formation at Split 
Tank, 1.7 miles N 50° E of the Old Word Ranch
EXPLANATION OF PLATE 6
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1-7. Parajusulina durhami Thompson and Miller, member C. Leonard Formation, Leonard Mountain
and Split Tank, X 10 ...................................................................................................................................... 15
1, 2, 7. Axial sections, collection 5-30, YPM 21866, 21867, and 21872. 3. Sagittal section, 
collection 14, YPM 21868. 4. Tangential section, collection 14, YPM 21869. 5, 6. Axial sec­
tions, collection 14, YPM 21870 and 21871.
8, 9. Schubertella muellerriedi Thompson and Miller, basal limestone of member B, Leonard Formation,
north part of Lenox Hills .................................................................................................................................. 7
8. Axial section of mature specimen, collection 12, YPM 21873, X 25. 9. Axial section of an 
immature specimen, collection 12, YPM 21874, X 50.
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house. (Dunbar collection 7-23-1, 1941). Para- 
fusutina durhami.
15. Loose specimens of covered slope below the base 
of the Leonard Formation, 0.9 miles west of BM 
5860, Leonard Mountain. (YPM collection 6683- 
11-7X). Schzoagerina hawkinsi, S. dugoutensisl, 
Parajusulina allisonensis] Triliciles spp.
16. Top of Leonard Mountain at the base of small 
knob topped by BM 5860. (YPM 6683-12-19). 
Parajusulina leonardensis.
17. 40 to 100 feet below top of the Leonard Forma­
tion, 0.4 mile south of Hill 4910 at Clay Slide, 
about 2.5 miles west of Iron Mountain. (Dunbar 
collection 11-6-6, 1949). Parajusulina durhami.
18. Near top of basal conglomeratic limestone of 
member A, 0.3 mile S 42° W of Hill 5021, north­
ern part of the Lenox Hills. (Dunbar collection 
7-1-2, 1950). Schwagerina hessensis.
19. 5 to 15 feet above bed 4 of Section 6A, near the 
center of the Lenox Hills. (Dunbar collection 
7-21-1, 1941). Schwagerina hawkinsi.
U.S.N.M. 714u. Near the top of the lowest limestone 
bed of member B, 0.35 mile, N 60° E of Hill 4801 
at the southern end of the Lenox Hills. Parajusu­
lina spissisepta.
U.S.N.M. 718p. Top of the conglomeratic lime­
stone ledge at the base of member A, probably 
the same bed as bed 4 of Section 6B. Parajusu­
lina leonardensis.
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